There is no doubt that Dick Synge was a very exceptional person. According to his family, this first showed itself in the memory of an event, which occurred when he was only fifteen months old, when he was allowed to play with the gravel outside the church during the christening of his sister. The Synge family consisted of two branches, one of which, the Irish Synges, contained the famous playwright, J.M. Synge. They trace their ancestry back to a Thomas Millington also called Singe of Bridgenorth (born ca. 1500). The English Synges were also certainly present in Bridgenorth in the early 16th century. The Irish and the English Synges are known to have been in touch with one another in the 18th century. The English Synges remained as fairly prominent citizens of Bridgenorth until the late 19th century. Both branches of the family used the name Millington as a Christian name. For unknown reasons the spelling of his surname, Sing or Synge, varied. Family legend has it that the origin of the name Millington, which was used by both branches of the family as a Christian name, was that they had lived at Millington Hall in the parish of Rostherne (Cheshire). Because a member of the family sang so beautifully before King Henry VIII he was told to take the name of Singe. One of Dick Synge's great uncles, born in 1863 and always known as 'Uncle M illington', became Warden of St Edwards School, Oxford. Among Synge's recent ancestors was his grandmother who was a Thornely. All the Thornelys were mildly academic and quietly eccentric or unconventional in one way or another, so that Synge is thought to have inherited much from them, even including his height. Two generations further back was William Roscoe, M.R, who helped to abolish slavery and whose art collection still forms the nucleus of the Walker Art Gallery; he also founded the Liverpool Botanic Gardens. Synge came from a distinguished family which included his grandfather, A.M. Sing, who was President of the Liverpool Athenaeum and a Governor of the Liverpool Collegiate School.
Returning to more recent times, there is no doubt that Synge inherited from his father a fascination with railways. He always knew very precisely the routes and times of trains. He exploited this knowledge when at school by planning and using five or six different routes between Chester and Winchester. Much later in life, when he returned from Australia via China and the trans-Siberian route with his wife Ann and his seven children, he wrote a description of the journey from Peking to Moscow for The Railway Magazine (30) (cf. pp. 20-21) . His ability, when still quite young, to understand complex documents unlikely to be read and understood by a non-specialist is instanced by something he uncovered in Great Barrow, the village where the family lived. He took great pleasure when he found that a firm of local solicitors had managed to sell the same bit of land twice over to the church and never knew what they had done until he pointed it out to them. At this time (1954) Synge's father was High Sheriff of Cheshire which may explain how documents concerning land sales were available to him.
Synge's mother, Katie Swan, was brought up in the Lake District where she was influenced by Charlotte Mason's ideas and her College. This was part of the Parent's National Educational Union (P.N.E.U.). Having been a pupil in the P.N.E.U. she was quite prepared to teach her young son. At the age of nine, Synge was sent to a boarding school suitable to prepare him for entry to Winchester. Synge's father, who had been at Rugby, was always delighted to tell the story against himself, after Synge had got the scholarship to Winchester, that a friend had said 'What a clever mother he must have had'. Synge's sister Anthea has confirmed that their mother was very intelligent, had a good memory and was very straightforward. Other traits that Synge seems to have inherited from his mother were her thoroughness and keen interest in gardening. Although not a practical gardener until much later, Synge was always very interested in plants; doubtless this constituted a strong bond with his mother. This continued until the early days of chromatography when his mother was able to give practical help by sending him supplies of the dahlia Coltness Gem, one of whose coloured constituents might have been useful as a pH indicator.
Family life for the young Synges was considerably affected by another aspect of their mother's views. She had what were for those days quite advanced ideas about diet. This interest led her to join the Soil Association and, in practice, to see that brown bread, never white, was always on the table. Not surprisingly Anthea recalls always eating white bread when away from home! By the time that Synge was at Cambridge, and well into biochemistry, it is certain that his mother had come to accept that his views on diet were well founded on current scientific information. For this reason she followed in practice what he had to say.
As well as having a sharp intellect, Synge could be absent minded. His mother wrote to his close friend, John Humphrey, 'I know I have an unusual son, when he was quite small he was so absent minded (really thinking of other things) that he was not safe to let walk the village street alone.' A visitor heard of this and commented, 'clever and absent minded, you've a genius on your hands'.
An important question remains in regard to how far his adult attitude was influenced by his family background. At least superficially, he made a clean break with his parents' religious and philosophical views. Even though at Cambridge he became a convinced Marxist, it seems probable that underlying his materialism was a deeper layer of ethical thought derived, no *Numbers in this form refer to the bibliography at the end of the text. doubt, from his religious upbringing. At least on his father's side, the family had been Unitarians. Obviously to be descended from a great, great, great grandfather like William Roscoe, and to be aware of his parliamentary activity against the slave trade, must have been for Synge a matter of pride.
Friendship with John Humphrey
Synge was one year ahead of John Humphrey at Winchester, where they both had studied classics. Because Humphrey's father had been one of the founders of I.C.I., Synge came into contact with aspects of the industrial world in Britain, and also was introduced to Fritz Haber before he became a refugee from Nazi Germany. Synge noted that in 1933 when they met in Cambridge, 'Haber just about to die, was a sad sight and an ironic one too, because we'd been taught at school that Haber had told Keiser Wilhelm II the earliest year in which he might arrange the start of the Great War.' Later on Emil Fischer warned the German government and military that science and technology -which included the strategically important Haber-Bosch ammonia process -could not be relied upon to bring about a victory in the war. Nobody in 1933 could have foreseen that the similar treatment, which many of Haber's nuclear colleagues got from the Nazis, may have saved Britain from nuclear destruction ten years later (Jungk 1958) .
At about the same time, Synge and Humphrey were shown the Solvay alkali production factory at Winnington. Under oaths of secrecy they saw drawings of the interior of the reaction towers which were a realization in practice of the countercurrent principle. What he saw at Winnington must have prepared Synge's mind for an understanding of the laboratory scale countercurrent apparatus he later saw at Cambridge.
It was at Winchester that Synge's interest in proteins was first aroused. As recounted in the Humphrey Memoir, biology was taught by the Rev. S.A. McDowall who included aspects of both physiology and biochemistry. He stated that proteins, which consisted mainly of amino acids, were the working parts of living things. In a letter written in 1988, Synge recalled a remark by F.W Goddard who organized the course in organic chemistry at Winchester, 'Hey Humphrey and Synge, Mr McDowall tells me you are interested in proteins. You'd better synthesize glycine and then prepare its copper salt.' Synge remarked, 'I think that set us both going.' Fortunately, rather advanced chemistry text books were available, even International Critical Tables and Roscoe and Schorlemmer. While still at school, as happens to most budding organic chemists, the properties of nitrogen triiodide as described in the text books were noted by Synge and Humphrey. They found preparation of this highly unstable substance easy: 'Small quantities made, but not in the school labs, were used to annoy unpopular prefects, or around spilt marmalade to terrorize wasps.'
First contact with biochemistry As a boy Synge had been fascinated by living things, especially the wild plants, and later by chemistry. He became aware of biochemistry as a separate subject from a newspaper report of Sir Frederick Hopkins's 1933 presidential address to the British Association for the Advancement of Science. As he said in his Nobel Lecture (23), 'he was impressed by the idea that living things must have wonderfully precise and complicated working parts on the molecular scale and that the biochemist had the best chance to see how these are put together and do their work'. C a m b r id g e Having won an exhibition in classics to Trinity, he switched to science and won the school science prize in 1933 before leaving. He read chemistry, physics and physiology for Part I of his Tripos. There was no Part I course in biochemistry at that time and intending biochemists took the Part I course in physiology as this contained a substantial amount of 'physiological chemistry' taught by the staff of the Biochemistry Department. The practical component of the course was taught in the large elementary laboratory in the Biochemistry Department, presided over by Sydney W. Cole, Hopkins's collaborator in the discovery of tryptophan. While catching up with science studies, Synge had time to read what was available concerning early concepts about proteins or 'albuminous substances' as they were known originally. He mentioned in a letter to Humphrey a pamphlet of 1879 by Schorlemmer entitled 'The rise of organic chemistry'. This contained Schorlemmer's views on the relation of proteins and life. Synge noted that these were almost identical with those expressed by Engels in his book AntiDiihring: 'Life is the mode of existence of albuminous substances and this mode of existence essentially consists in the constant self renewal of the chemical constituents of these substances.' Doubtless this identity of view was arrived at as a result of discussion between Engels and Schorlemmer who are known to have been friends. S.R. Elsden has recalled that 'I first met Synge in October 1935 when the Part II biochemistry class assembled in its laboratory to meet the Professor, Sir Frederick Hopkins. The Professor said that he was pleased to see us and hoped that we would have a happy year during which we should consider ourselves members of the department; he also invited us to join the staff and research workers at tea each day. He then handed us over to N.W. Pirie who, he said, would be looking after us for the next four weeks' practical work. The department itself was an exciting place containing an assembly of talented diverse personalities including Joseph and Dorothy Needham, Marjory Stephenson, Malcolm Dixon, Bill and Antoinette Pirie, and Robin Hill. There was in addition a number of distinguished German biochemists (E.B. Chain, Ernst Friedmann, H.A. Krebs and H. Lehmann).' Any adequate history of molecular biology will trace its origins from biochemistry, genetics and crystallography. All these sciences were well developed at Cambridge University in the 1930s. The names of Bernal and Hopkins immediately come to mind. Later, some of the most important continental scientists, e.g. Krebs and Perutz, already settled in Britain, added their weight. Only after the end of the war did the U.S. make equally important contributions. Before the war there was in the Hopkins Laboratory a somewhat limited interest in amino acids and proteins. The known methods of analysis of the complex mixture of amino acids obtainable by hydrolysis of proteins, were still primitive. Crystallization of derivatives, inevitably a very slow procedure, was still the main method. Because formation of crystals, in other words a liquid:solid phase change, cannot be hastened without loss of specificity, it can be seen in retrospect that new approaches had to be found. In the Spring of 1936 Synge told Elsden, a fellow member of the Part II biochemistry class, that he had decided to work on proteins, he pointed out that only 70 per cent of protein nitrogen can be accounted for in terms of amino acids.
While working under Pirie's supervision Synge had time to consider the suitability of methods which might be of use for separation of small molecules such as those derived by the partial breakdown of proteins. Because he was well aware of the use of fractional distillation and that refluxing in a distillation column involved equilibration between the ascending vapour phase and the descending liquid phase, he paid special attention to the countercurrent principle that he had seen in practice in the Solvay alkali plant at Winnington. He wrote, but did not publish, a historical review entitled 'Fractional distillation and the countercurrent principle', which covered contributions as far back as the 16th century.
In the immediate prewar years Cambridge University had attracted a number of scientists who were to make several advances of first class importance. Thus Synge found himself in highly stimulating surroundings from which he quickly took full advantage. However, it was not until 1938 that he came into contact with A.J.P. Martin. By this time Synge had already begun to investigate the separation of amino acids by means of differential solubilities of their acetyl derivatives between chloroform and water.
S u p p o r t b y S ir C h a r l e s M a r t in a n d H e d l e y M a r s t o n Special mention must also be made of two scientists who made advances in rather different fields. The guidance of these two and their importance for Synge's future career stands out clearly. Sir Charles Martin had been Professor of Physiology at Melbourne before becoming Director of the Lister Institute. Marston, also an Australian, had analysed sheeps' wool in relation to sulphur deficiency of certain soils. They must have recognized Synge's ability and keen interest in proteins and that, given financial support, he might well be able to make a major advance.
In 1937 Marston was a guest worker in the Cambridge Biochemical Laboratory where he occupied a bench close to those of Synge and Pirie. Stimulating discussions followed, and after some time Marston let it be known that he was advising an organization called the International Wool Secretariat, which was funded by the wool growers of Australia, New Zealand and South Africa for purposes of publicity and research. At that time there was fear that the new synthetic fibres might displace wool and Marston felt that some of the International Wool Secretariat's money should be used for fundamental studies of the nature of wool. He suggested that Synge should be provided with a Studentship to study in detail the amino acid composition of wool. To do this it was necessary first of all to improve the methods of amino acid analysis. Synge must soon have realized that the methods then available were primitive and inadequate for studies on protein structure. Thus the need for greatly improved methods itself constituted a formidable challenge. Synge in his Nobel Lecture (23) quoted Marston as saying 'If you work steadily at that for five years you will revolutionize the whole of protein chemistry.' He little knew how prophetic were his words! Synge also acknowledges the support and valuable advice which he received from Sir Charles Martin who had retired to Cambridge. From his private laboratory at Cambridge, Roebuck House, he followed closely Synge's development and made it easy for his Studentship to be transferred to the Wool Industries Research Association (W.I.R.A.) in Leeds. Further information about both Sir Charles Martin and Hedley Marston can be found in two Royal Society Memoirs, the latter written by Synge. Another worker of exceptional brilliance, A.J.R Martin, was also in Cambridge. While still at school he had made a column for reflux distillation by soldering together a number of empty tins subsequently filled with coke. At the Dunn Nutritional Laboratory he constructed a countercurrent apparatus for isolation of vitamin E. This arrangement worked by partitioning between partially miscible organic solvents, followed by phase transfer. The success of this apparatus led Synge and Martin to the realization that amino acids, as their acetyl derivatives, might be separable on the basis of their distribution characteristics between suitable solvent phases. This machine was demonstrated to Cambridge biochemists in the Spring of 1939. There is no doubt that discussions with Martin and their initial collaboration in Cambridge were of fundamental importance for Synge's future career. It has been extremely difficult to separate the contributions made by these two workers but it is evident that Martin's central interest was in methods of separation, whereas Synge was determined to work on proteins with a view ultimately of revealing their structures. It has been suggested by Elsden that whereas Synge was able to identify the key problems, Martin's contribution lay in how they might be solved.
Studies with D.J. Bell and N.W. Pirie Before attempting to improve the available methods for the separation of amino acids, Synge achieved a First in Part II of the Natural Sciences Tripos. At this time he came in contact with new and exciting ideas. He enjoyed the caustic anecdotes on the history of biochemistry provided by N.W. Pirie who was to be his supervisor when he became a research student. Pirie suggested that he should make a chemical study of the glycoproteins, a class of substances which Pirie thought would be of physiological interest. Because Synge found that his knowledge of both carbohydrate and protein chemistry to be inadequate he spent a period working on carbohydrates under D.J. Bell, which led to no less than three joint papers (1 -3). These, his first papers, were on carbohydrates rather than on amino acids or proteins. Because methylated hexoses are extremely difficult to separate by fractional crystallization as a single process, D.J. Bell used a solvent extraction stage before attempts at crystallization. In his Nobel Lecture (23) Synge says that it was from D.J. Bell that he first learnt the power of liquid-liquid partition. The method proved to be successful for separating methylated sugars according to the extent of their methylation.
A year after his joint papers with Bell and in the same year in which he was studying the partition coefficients of the acetyl amino acids, he published his first paper on an aspect of protein chemistry, which dealt with the glutamine content of gliadin (4). Although the presence of both glutamine and glutamic acid had already been found in enzymic digests of gliadin, there was need for a method by which glutamine could be converted before hydrolysis to a derivative which itself would be stable to the conditions required for subsequent hydrolysis. Before starting practical investigation, Synge took part in a thoroughgoing discussion of the problem by a group which included Pirie and Bell and also workers from the Physiology and Psychology Departments. On most evenings these people used to forgather at the pub known as the Bun Shop. Most aspects of the glutamine question were gone into and the idea came up of using the Hofmann Reaction; by this, glutamine, but not glutamic acid, would be converted to a , y diamino butyric acid. An experimental plan was formulated. Pirie has commented 'all that remained was for Dick to do the w ork'; further he has made the point, 'I have never known an experimental plan to work out so exactly according to theory'. When Synge tried the suggested method which involved boiling in a strong acid, it proved possible to isolate approximately 15 per cent of the total glutamic acid content of gliadin as a, y diamino butyric acid thus demonstrating that at least this proportion of the glutamic content of gliadin must have been in the amide form (4).
M e t h o d s a v a il a b l e l o r s e p a r a t io n o p a m in o a c id s
The first evidence that Synge had realized that separation of amino acids might best be achieved after conversion to acetyl derivatives is his reference (5) to extraction of acetylated amino acids into chloroform in an apparatus used by Neuberger (1938) . Evidently Synge had sufficient confidence in the suitability of the acetyl derivatives for separation on the basis of their partition coefficients to invest much time in careful measurement of these coefficients. In this work, optical rotations were routinely measured and Neuberger has recalled that Synge's memory was so good that he had no need to look up the relevant values. In Pirie's view Synge's memory was at least as good as those of Bernal or Haldane. As Synge had him self seen, and Martin has pointed out, the usefulness of countercurrent procedures had long been practised in industry, where they led to great savings of both heat and solvents. Probably because such savings are less important in the laboratory, the minds of laboratory workers seem to have been closed to the advantages of such procedures.
F ir s t m e e t in g w it h M a r t in
A break in Synge's sheltered biochemical education came quite soon. His work on the properties of the N-acetyl amino acids made him interested in separations by liquid-liquid partition and for this reason he was advised by Sir Charles Martin to get in touch with A.J.P. Martin who had worked with Sir Charles on nicotinic acid as a growth factor for pigs. 'Nutrition Lab. Christ', as A.J.P. Martin was then known (he had just stopped wearing a beard), was unacademically familiar with chemical engineering, and had become renowned for his elaborate glass apparatus on show in the entrance hall of the Dunn Nutritional Laboratory. This was for 'steady-state' liquid-liquid countercurrent distribution with a view to concentrating vitamin E from various extracts. It worked on the same principle as was used by Cornish and colleagues for their purifications of vitamins A and D (Cornish et al. 1934) . Thus it had central feed, traditional in industrial practice as the patent still of Coffey (1830). However, Martin's machine was novel in design, and it did a good job; it is a pity that he never published the work. He introduced Synge to simple countercurrent theory, and together they built a continuous-flow 'steady-state' countercurrent machine with central feed for handling chloroform-water phases (8). In this paper they listed three advantages of the countercurrent method over distillation: (i) non-volatile and thermolabile materials may be fractionated; (ii) very small quantities can be used as dilute solutions; and (iii) in extractional fractionation partition coefficients -the balance of polar and non-polar groups in the molecule -is the determining property. Thus, fewer theoretical plates (cf. p 13), are often necessary for extractional than for distillatory separation. They also had occasion to chromatograph dinitrophenylhydrazones of aldehydes on magnesium oxide, and Martin was always explicit about applying countercurrent theory to the chromatogram. As Synge later wrote, 'I remember that, about that time, our chloroform-water machine was playing up badly, and we discussed changing it over so as to have only one phase on the move, and to put in the charge batchwise at the point of entry of the moving phase "as if it were a chromatogram". I am sure it was this verbal twist that prompted us to go on to liquid-liquid chromatograms.' It was when these had been achieved, and analysed on the basis of conventional countercurrent theory (8), that it became manifest how the special separatory virtue of the chromatogram resides in its very small HETP (height equivalent to a theoretical plate) (cf. p. 13).
Move to Leeds and political views
Because he had been awarded a generous studentship by the International Wool Secretariat, at the outbreak of war Synge moved to Leeds where he was able to continue his work with Martin on the countercurrent machine.
Soon after his arrival at Leeds he was joined by Ann Stephen, his future wife. The marriage was a very happy one and lasted until his death.
His years at Cambridge were fundamental, not only in respect to his scientific objectives, but also because, like his great friend John Humphrey, he had become a member of a strongly leftinclined group of students. In the critical prewar period he never felt it necessary to hide his leftwing views or activities. Basically anti-fascist and politically educated as a result of the Spanish War, he quickly found kindred spirits in the Leeds area. As a member of the Communist Party and an active Trades Unionist in the AScW he believed in a better future for British workers and Britain as a future planned economy. However, in April 1940 in a letter to Humphrey he admitted that in attempts to look ahead he could see 'just greyness in the future'.
The move to Leeds suited him for several reasons, the most important of which was that it made easy continued collaboration with Martin who had been given a staff position at W.I.R.A. At the same time he was glad to be free from the pressures, scientific and social, inevitably present in a tight-knit community such as Cambridge. He greatly appreciated, and took advantage of, the nearby Dales. He became interested in geology and the results of deep borings through the coal measures carried out in a search for water. He wrote to Humphrey of his enjoyment in long walks, usually by himself, which was a great contrast to his later life as a father of seven children. This habit of solitary walks was renewed in later life. When living in retirement in Norwich he would frequently travel on an early train to Derbyshire and, after a long walk, return the same evening.
Use of countercurrent machine
Continued collaboration with Martin involved moving the countercurrent machine to Leeds and starting attempts with it to separate acetyl amino acids. Initial trials of the machine each took 24 hours and were done by Synge. Martin concentrated on calculations of the expected behaviour of countercurrent systems and the need for calculation of Bessel functions for the 40-cell countercurrent apparatus. Because these had not yet been derived an approach was made to the W.I.R.A. mathematician, Daniels. Even though efforts by at least four mathematical assistants seemed to be necessary, the effort was thought to be well worthwhile. The Research Association laboratories did not yet have a polarimeter but was strong in mathematics and had a staff member far sighted enough to recognize the likely importance of the Bessel functions requested by Martin. Separation in columns of silica gel
In his Nobel Prize lecture of 1953, Martin relates that 'Up to this time my thinking had been dominated by the idea of moving the two phases in opposite directions simultaneously. However, soon I realized that it should be comparatively simple to hold one phase stationary and move only one. The arrangement would then be essentially a chromatogram. I put this idea to Synge and he was full of enthusiasm, and we decided to work on it at once. Success might mean that the countercurrent machine might be dispensed with.
'We decided to try first silica gel, of the type used to dry balance cases, suitably ground up, to hold the water, and having packed a chromatogram tube with this, to run chloroform down the column. We tried first the separation of acetyl alanine and acetyl leucine. We were then faced with the task of determining what was happening and how to decide whether separation had occurred or not. We quailed at the thought of evaporating down and titrating a large number of cuts and the idea occurred to us of including in the water in the silica gel a pH indicator with an appropriate range to show the presence of the acetyl amino acid. We chose methyl orange and the first column we made showed the separation we looked for, as bright red bands on an orange column.' Using an acetylated hydrolysate of silk, seven coloured bands were obtained.
In May 1941 this was the first demonstration that partition chromatography could succeed in practice. The work was published as a paper entitled 'A new form of chromatogram employing two liquid phases' (10). In this it was shown that band movement of an acetyl amino acid was as to be expected from its partition coefficient. A detailed discussion of the relations between difference in partition coefficient, number of theoretical plates and degree of separation and many other factors was included. The possible use of such chromatograms for separation of substances other than those derived from proteins was also considered. These ideas led directly to the successful application of the method of partition chromatography to the sequencing of the residues in the pentapeptide Gramicidin S, and following this its wide application in many other fields, and to the award of a Nobel Prize to Synge and A.J.P. Martin. Few, if any, new methods has led to so wide a transformation of insight into such a wide field and even the introduction of the new name, molecular biology, for this field. In this paper (10) there was even mention of the future initiation of gas chromatography and the possibility of separation of nitrogen isotopes. In fact the most important early use of silica gel chromatography was for the purification of penicillin. Working at Glaxo, Robinson used phosphate buffer and identification by means of its fluorescence.
Spread of partition chromatography
Because at this time A.C. Chibnall was the leading British authority on proteins, it is not surprising that in 1938 Sir Charles Martin suggested to Synge that he should visit Chibnall at Imperial College. This led to continued contact right up to Chibnall's death in 1988 aged 93. The value of this contact is easily apparent from Synge's Royal Society Memoir of Chibnall. Thus Chibnall was, as Scientific Advisor to W.I.R.A., in a good position to follow closely the first stages in the discovery of partition chromatography. As soon as reproducible quantitative results were achieved, he made sure that the method was used in his own department for analysis of insulin, edestin and egg albumin.
The Imperial College group made two historic contributions: (i) demonstration of asparagine and glutamine as constituents of proteins; and (ii) the fact that insulin had a quite unusual excess of free amino groups over those attributable to lysine residues. This latter result contributed substantially, as described below, to Sanger's success with the structure of insulin.
Marston returned to Australia in 1938 having made possible the continued collaboration of Synge and Martin which had already been started at Cambridge University. Marston's main work was on deficiency diseases in sheep including copper and cobalt, but his foresight in making possible, by the award of a Studentship from the International Wool Secretariat, the continued collaboration of Synge and Martin had much more far-reaching consequences.
Investigations on wool
At the same time as the first experiments on partition of wool hydrolysates in the countercurrent machine were being carried out, Synge devoted much effort to study of the effect of periodic acid, again on hydrolysates of wool. With Martin he published two papers on the liberation of volatile aldehydes by periodic acid (7, 9). In another paper he recorded a method for isolation of hydroxy amino acids from protein hydrolysates (6). All this work on hydrolysates of wool (11) was done partly at the suggestion of Marston, and also to justify his position at W.I.R.A. The use of a two-pronged approach is evidence of his determination to find a new way forward to understanding the chemical structure of proteins. That he realized the enormity of the task ahead is clear from a letter to Humphrey in which he outlined the requirements for a future Institute for Protein Study. This was to include no less than 18 divisions. He subdivided one of these, Study of Purification Processes, into four subdivisions, Tiselius electrophoresis, Ultracentrifugation, Methods depending on diffusion and countercurrent procedures and, lastly, Extraction and adsorption of proteins. As separate divisions, he included Serological studies and Examination by X-rays. Although he mentioned countercurrent techniques, it is of interest that neither partition between immiscible solvents nor chromatography of any kind were included.
Theories of protein structure
As well as discovery of new methods for separation of amino acids and peptides a clarification of the nature of protein molecules was still necessary. At the time the classical Hofmeister-Fischer hypothesis was almost universally accepted, but whether the amino acids existed in a regular order factorizable by 2 and/or by 3 or formed a more complex pattern, or indeed that proteins had entirely random structures was still undecided. In the absence of hard data two theories of protein structure had gained a certain currency. Synge paid considerable attention to one of these, the Bergmann-Niemann hypothesis, the truth of which he felt it worthwhile to put to experimental test. During 1941, he applied himself to analysis of an acid hydrolysate of edestin with the aim of getting evidence either for or against this hypothesis (11). By means of electrodialysis the basic dipeptides were isolated and found to include all possible neutral amino acids. In a letter to Humphrey he wrote that 'the evidence to date is equally in favour of complete chaos or for a very complicated amino acid arrangement. I am in favour of complexity rather than chaos.... Life is quite sufficiently complicated to require an extremely complicated chemical basis.' He published his view more cautiously that 'It is clear that the only direct evidence in favour of a hypothesis concerning the order of amino acid residues in a peptide chain can come from the isolation and identification of fragments of this chain containing at least two amino acid residues. While the present work does not by any means form a rigid refutation of the Bergmann-Niemann hypothesis, it seems to suggest for proteins a considerably more complicated structure. The hypothesis of random structure, with which it is scarcely incompatible, may be rejected on physical and biological grounds' (11). Another theory, the cyclol hypothesis, originated by Astbury and developed by Wrinch was less attractive. Indeed Synge wrote to Humphrey that he found that Wrinch's letters to Nature were the cause of merriment among junior crystallographers in Astbury's own laboratory.
To describe the properties of the new type of chromatogram using silica gel 'A theory of chromatography' (10) was presented. In this is explained the concept of HETP, defined as the thickness of the layer such that the solution issuing from it is in equilibrium with the mean concentration of solute in the non-mobile phase throughout the layer. Important factors determining the HETP were shown to be rate of flow and the square of the particle diameter. Finally, it was noted that whereas for a good distillation column the HETP is of the order of 1 cm, it is only of the order of 0.002 cm for the new partition chromatograms. That Martin and Synge were aware of the potentialities of the partition chromatogram is shown by their mention of future systems in which the moving phase was to be gaseous.
Further development of partition chromatography
Nearly 50 years after the discovery of partition chromatography Synge contributed a note (40), entitled 'How the Robinsons nearly invented partition chromatography in 1934'. This concerned attempts to separate anthocyanin from anthocyanidin made by Robert (later Sir Robert) and Gertrude Maud Robinson in the Dyson Perrins Laboratory at Oxford. This work was part of a long collaboration between Rose Scott-Moncrieff of the John Innes Horticultural Institution and the Robinsons. In a note Scott-Moncrieff refers to a 'bandage experiment' which had evidently attracted wide attention in Oxford. As described by J.C. Smith (1975) what took place was a precocious essay in chromatography, in 1932, which involved the use of yards of surgical bandage for the separation of anthocyanins. The bandages were suspended in the wings of the main staircase, and in the high-roofed Main Research Laboratory. The lower end of the bandage was immersed in aqueous amyl alcohol. The hoped for separation of the plant pigments presumably occurred as the solvent crept up through the long bandage. Synge added: 'Thus the Robinsons, using cellulose and being familiar with the behaviour of plant pigments in water-amyl alcohol, etc. systems, may have come close, in 1934, to inventing partition chromatography.' Later when partition chromatography had come into wide use, especially for amino acids and peptides, it also proved to be applicable in many other fields including separation of flower pigments such as the anthocyanins. In a historical review entitled 'The classical period in chemical genetics. Recollections of Muriel Wheldale Onslow, Robert and Gertrude Robinson and J.B.S. Haldane', Rose Scott-Moncrieff (1981) has acknowledged Synge's assistance in a description of what proved to be a vital period for the establishment of the new discipline of chemical genetics. According to Elsden, Synge was particularly critical of the obituaries of Sir Robert Robinson and of J.B.S. Haldane in which the authors of both memoirs failed to mention the great significance of their subjects' work on the anthocyanins and on their genetics respectively to the development of chemical genetics. To correct this he persuaded Rose Scott-Moncrieff, then in her early 70s, to write a splendid account of the work done by herself and her colleagues at the John Innes Institute in the early 1930s, work which established that each substitution in the anthocyanin molecule was directed by a single gene thus predating the equally brilliant work of Beadle and Tatum on Neurospora by a number of years. Undoubtedly Synge understood the historical importance of this work and wished to see it fully recorded. As Scott-Moncrieff notes, the Royal Society Memoirs of both Haldane and Robinson 'barely mention the interest shown by these two and the great contribution which they, and Lady Robinson and the geneticists and chemists at the John Innes Horticultural Institution at Merton, made in the 1930s to establishing a chemical basis for genetics. From their different disciplines, they each contributed significantly to our knowledge of the biosynthesis of plant pigments, especially the anthocyanins, and to the discovery of the simple nature of single gene action to be revealed so clearly in the biochemical study of flower colour variations.' Scott-Moncrieff (1981) played a major role in the production, isolation and characterization of most of these flower pigments. She also states that partition chromatography, when it became available, led to rapid developments in this new field which was based on the connection between chemistry and genetics. Long before partition chromatography was discovered, in the so-called 'Classical' period, Haldane worked in the Biochemical Laboratory in Cambridge and was also on the staff of the John Innes Horticultural Institute. He must have understood the importance of the connection between genetics and biochemistry first envisaged by Wheldale who wrote in 1916 about this relationship in her book, The anthocyanin pigments o f plants:
Herein lies the interest connected with anthocyanin pigments. For we have now, on one hand, satisfactory methods for the isolation, analyses and determination of the constitutional formulae of these pigments. On the other hand, we have the Mendelian methods for determining the laws of their inheritance. By a combination of these two methods we are within reasonable distance of being able to express some of the phenomena of inheritance in terms of chemical composition and structure.'
Returning to the discovery of partition chromatography, it is clear that the use of granular silica gel was a success but it had its limitations, and the search was on for a matrix material to replace silica gel. This material might provide many more theoretical plates per centimetre and would be usable for micro amounts of amino acids. If such a matrix material could be found, it would only be useful for micro amounts if a sufficiently sensitive method to demonstrate the positions of the separated substances could also be found. The breakthrough came with the demonstration that amino acids when present on filter paper together with ninhydrin give strong colours on heating. Previously ninhydrin had been known as a colour reagent but only in solution. The fact that two-phase phenol: water systems are able to dissolve unsubstituted amino acids, so that acetylation was no longer required, was also very important.
In the next two years papers describing use of the new chromatographic method on completely hydrolysed and acetylated gramicidin and tyrocidine appeared together with another on acetyl amino acids and peptides obtained from partial hydrolysate of gelatin. By 1948 the application of partition chromatography, including from 1944, partition chromatography on filter paper, had spread widely and was in use industrially for the purification of penicillin. It was summarized at a Biochemical Society Symposium (21) for which there was a Supplementary Bibliography including almost 150 papers. Synge in a 'General review of the applicability of the method' took the opportunity to mention that Stene (1944) had attempted independently to try to realize a partition chromatogram. This consisted of droplets of toluene immobilized in an aqueous agar jelly. Sanger (1949) contributed a review entitled 'Application of partition chromatography to the study of protein structure'. In this he listed the four dipeptides and the three tripeptides which had been found in partial hydrolysates of 'Gramicidin S'. The identification of these peptides was specially significant because it constituted proof of the sequence of the amino acids in the pentapeptide (see below). Sanger also gave a list of the 27 dipeptides, all of which had been identified by filter paper chromatography of partial hydrolysates of wool.
Five years after the introduction of partition chromatography on silica gel, Sanger (1946) found a very important use for this new method. This was the separation of dinitrophenyllabelled amino acids derived from insulin by treatment with the DNP reagent followed by hydrolysis. Assuming a molecular mass of 12000, he was able to demonstrate four open peptide chains each having two glycines and two phenylalanines as terminal groups and two e amino groups of lysine.
The year 1941 was important for both the theory and practice of countercurrent liquid-liquid extraction and the method of partition chromatography which followed. In this year the Biochemical Journal carried first of all a very long and detailed paper by Martin and Synge (8) which described their 40-cell countercurrent machine.
It is hard to imagine a more profound simplification of apparatus than the transition from the 40-cell countercurrent machine to a single short vertical tube. In fact the latter had at least as much resolving power and worked far more rapidly. For this reason attention was turned from the complex machine to chromatography on silica gel and the problems owing to unwanted adsorption characteristic of some batches of the gel.
At this time the need for teamwork became more and more evident. As Synge gradually recognized the potential of the newly discovered methods, his decision of 1941 to take on the present writer as his research student was justified (13-16). This decision must have been a difficult one because Hugh Gordon, while still a research student at Cambridge, had contracted pulmonary tuberculosis and had been off work for almost a whole year. In the era before introduction of antituberculous drugs, the risk of recurrence was much greater. Thus Synge took a serious risk that Hugh Gordon's work would be interrupted once again by illness. Fortunately this did not happen and he was able to incorporate some of his early research at Leeds in his Ph.D. thesis. Because Synge and Hugh Gordon had studied together in the Cambridge Biochemistry Laboratory, Synge being two years ahead of Gordon, friendship had developed. This was based on common views, general and political, and existed despite Synge's much more advanced understanding of science. In the years when car ownership was less common, they each had had a quarter share in a vehicle of a certain age familiarly known as 'Control'.
In Leeds the need to work together in a very small laboratory provided excellent conditions for shared activity. However, with the advent of paper chromatography, the use of a larger laboratory originally used only by Martin became more and more essential. At about this time R. Consden was also recruited.
Pleasurable anticipation about the future importance of paper chromatography was expressed by Synge as early as July 1943 when he wrote to Humphrey that 'Archie and I have got some entirely new techniques on hand. Briefly, if we use paper instead of silica we can make the Dakin system work chromatographically to give excellent resolutions of free amino acids and peptides (silica adsorbs and makes the bands tail rather badly). ' Dakin (1920) had found that butyl alcohol rapidly extracted alanine, leucine and phenylalanine from a hydrolysate of gelatin: 'So far we have only been qualitative and have detected separations by spraying the paper with ninhydrin and heating. Also, phenol, pyridine, etc. work almost a well as BuOH, and you can do two dimensional chromatograms developing with one solvent and then at right angles with a second giving a series of spots on the paper.' Before long this technique proved its importance, not only for the separation of small peptides from protein partial hydrolysates, but also for compounds from tissue juices. As shown in figure 1, Dent et al. (1947) were able to demonstrate the presence of free amino acids in extracts of potato.
Looking back, it seems important to make the point that practical demonstrations of paper chromatography would have been very difficult without equipment which was not then available commercially. Fortunately, Martin was not only able to calculate and resolve theoretical problems, such as the number of theoretical plates in a strip of filter paper, but was also an excellent glass blower. He made the sprayer required to apply ninhydrin to the filter paper at the end of the separation and, more difficult, the glass troughs from which the strips hung. After spraying with ninhydrin, the filter papers needed treatment at 100 °C to bring out the colours of the spots of each amino acid. The observations that ninhydrin used in this way was not only very sensitive, but also gave strikingly different colours from the usual purple with certain amino acids, e.g. proline and aspartic acid (yellow and green), remain a never-tobe-forgotten experience. Although both the separating power and the simplicity of the new method were excellent, there were, of course, bad as well as good moments. One of the former was the unexpected tendency for the purple spots to have 'pink fronts'. As none of the team could think of a reason for this phenomenon, depression set in. Happily, quite soon it was found that 'pink fronts' were copper salts of amino acids formed from traces of copper dust originating from an unshielded DC generator.
After initial reports had appeared the problem remained as to how other scientists could be induced to see the usefulness of paper chromatography. Obviously, a mixture which could not be separated by any other method was needed. As small peptides proved to be easily separable on two-dimensional paper chromatograms, a partial hydrolysate of a not too large peptide seemed to represent the best chance of success. Unfortunately, there were few examples of this class of molecule. The recent isolation of two antibiotic peptides, gramicidin and tyrocidine, by R.J. Dubos, R.D. Hotchkiss and colleagues, was mentioned by B.C.J.G. Knight of the Lister Institute. He suggested that these small peptides might prove useful for testing the new methods. Although initial experiments were encouraging, analysis of hydrolysates indicated derivation from rather complex structures.
G r a m ic id in S, S o v ie t G r a m ic id in
Work with Gramicidin S (17) followed considerable studies with gramicidin and tyrocidin (13). Analysis of a relatively simple peptide remained necessary to demonstrate the power of partition chromatography.
Towards the end of the war when there was relatively good contact with the Soviet Red Cross and Red Crescent Societies, samples of Gramicidin S, an antibiotic that had been isolated in the U.S.S.R., became available. Because amino acid analysis revealed a 1:1:1:1:1 stoichiometry, efforts were transferred to this peptide (20). After a relatively short period the sequence of amino acids in this cyclic pentapeptide was found, -a-(l-valyl)-l-ornithyl-lleucyl-d-phenylalanyl-l-prolyl-, and published in 1947 thus demonstrating the value of the paper chromatographic method. The possibility of the molecule being a cyclic decapeptide was not excluded.
Successful sequencing of Gram icidin S having been achieved mainly by paper chromatography, Synge felt it worthwhile to consolidate the work in several ways. Most important was collaboration with D. Crowfoot Hodgkin who in 1957 published an X-ray crystallographic study of the molecule (28). Working with her at that time was a fourth-year chemistry student, Margaret Roberts, who became involved in the gramicidin work. Years later, when Margaret Thatcher became famous, Synge used to refer to her as his first student. Synge's contribution to this work was the preparation of the required Gramicidin S derivatives. He also published detailed descriptions of several Gramicidin S peptides. As this was the first peptide larger than glutathione to be sequenced, studies using partition chromatography on filter paper soon spread. As Emil Smith remarked, referring to twodimensional chromatograms, T h e washing is now hanging out all over Europe'.
N e e d f o r l a r g e r -s c a l e s e p a r a t io n s : s t a r c h c h r o m a t o g r a m s The paper which first demonstrated the importance of paper chromatography was published in 1945. This work (17) which established the sequence of the amino acids in Gramicidin S, involved elution and rehydrolysis of micro quantities of peptides derived from the partial hydrolysates of the pentapeptide. The two-dimensional paper chromatograms used were both analytical and preparative. Because only micro quantities of peptides were obtained, the need for further development of larger-scale separations must have been clear to Synge.
It was during experiments with columns packed with discs of filter paper that the advantages of potato starch became evident. Following a suggestion from Elsden, a starch chromatogram developed with butylalcohol of free amino acids was carried out at the Lister Institute in January 1944. Well-separated coloured bands appeared after passage of a solution of ninhydrin in ether and heating. The work both with hydrolysates of gramicidin, and later with free amino acids, established the usefulness of starch chromatography. It remained for Moore and Stein (1948) to improve the method, not only by application of hydrostatic pressure, but also by mechanization of the collection of samples. For this purpose they used a drop counter driving a fraction collector. This was adapted from a photoelectric vehicle counter which was used in New York to control the traffic lights.
At about this time the molecular sieve properties of potato starch were investigated by Lathe and Ruthven (1956) . They acknowledged help from Synge in a study in which molecules differing in size from molecular mass of 100 to 1000 were shown to be resolved on columns of starch at rates depending on penetration into the partly hydrated starch.
As soon as potato starch was recognized as useful for partition chromatography Synge proceeded to its employment for hydrolysates of gramicidin and tyrocydin. The experiments were technically successful but with partial hydrolysates of gramicidin they yielded inconveniently complex results.
V is it t o T is e l iu s : r e l a t io n o f T s v e t 's w o r k t o t h a t o f T is e l iu s
In 1947 Synge spent 12 months in Uppsala working with Tiselius with whom he subsequently remained in close scientific contact. In a review contributed to Tiselius's 60th birthday commemoration volume (32), he described the work of Tsvet on the use of adsorption for the purification of proteins. Because Synge read widely on methods of separation it is probable that soon after he decided to specialize in biochemistry he became aware of the work of Tsvet and possibly of the petroleum chemists who preceded him. Tsvet was born in Italy in 1872 of a Russian father and an Italian mother. From 1891 to 1896 he was a student studying botany at Geneva. After a period at St Petersburg, he went to the University of Warsaw as a privat dozent and then as a professor of botany. Here he did his important work on the two forms of chlorophyll. Although partition was not usually involved, Tsvet, who originated the name chromatogram, at first made use of a partition method. As Synge recorded in A retrospect on liquid chromatography (38), Tsvet succeeded in separating the two common chlorophylls a and b by use of crude countercurrent distribution in separating funnels.
Tsvet's first description of his chromatographic procedure appeared in 1906. He described percolation of a solution of chlorophyll in petroleum ether down a glass tube packed with calcium carbonate. It is important that after the solution of chlorophyll had passed into the column and the coloured substances had been adsorbed by the calcium carbonate, he continued the procedure by passage of the pure solvent. He wrote, 'such a preparation I call a chrom atogram '.
Tsvet's work was criticized not only by Willstatter but also by Marchlewski (1906) , who even went so far as to say 'the so called chromatographic method would not last for very long'. He pointed out that Tsvet had not taken the trouble to isolate and purify the substances he had described. However, later on Marchlewski found himself supporting Tsvet against Willstatter saying '...it makes one of us (Marchlewski) happy finally to agree with Tsvet once. For the chemistry of chlorophyll it is, however, of special significance that such an important result was obtained in fundamentally different ways, and afterwards there can be no more doubt'.
Understanding of this three-sided controversy between Tsvet, a Russian, Marchlewski, a Pole, and Willstatter, who used more traditional methods, must have pleased Synge immensely. Doubtless he noted that W illstatter had used kilogram m e quantities of chlorophyll.
Synge's own first sight of a chromatogram was in the Biochemical Laboratory in Cambridge in 1937 or thereabouts. It was a very beautiful one, which had been made by Ernest Baldwin. He had made it from an extract of sea-urchin pigments. He already had a beard in those days, and was known as 'Biochem. Lab. C hrist'. Everybody stood round and admired the pretty colours, but no explanation was forthcoming from anyone present as to how the undoubted separations had come about. Synge realized that Tsvet had understood the physico-chemical basis which underlay his separation of plant pigments. He makes it clear that Tsvet was well ahead of his time and had understood the contributions of earlier workers such as Runge, Schonbein and Goppelsroder as being examples of frontal analysis on filter paper. Tsvet even provided a mathematical treatment of liquid-liquid partition (although not of countercurrent techniques). It must have especially interested Synge that, although Tsvet had knowledge of partition between immiscible solvents, he regarded this method as only of auxiliary usefulness. Tsvet's work preceded Tiselius's own work on adsorption and codification of the main chromatographic operating procedures. In his review Synge emphasizes the importance of Tsvet's work on adsorption chromatography at least 20 years before that of Tiselius.
In a review (19) on Tiselius's work on chromatography of phycoerythrin, Synge mentions much earlier experiments by Cohn who in 1867 used paper chromatography for studies of phycocyanin. Even if Cohn's experiments were known to Synge in 1944, the advantages of partition chromatography on filter paper of amino acids and small peptides, as such, would not have become apparent without the simple and highly sensitive ninhydrin method.
Synge, like Martin, always felt it to be essential to understand in full the physico-chemical processes underlying separations of all kinds. Because liquid-liquid partition proved so successful, these systems attracted most of his attention. He acknowledged the usefulness of electrophoresis, but it was Martin who initiated most studies using this method. However, in a demonstration to the Biochemical Society made jointly with Tiselius in 1950, he refers to discussions he had had with Tiselius and with Martin on separations occurring in gels during passage of an electric current. He described the method, used in this case for separation of hydrolysis products of amylase, as 'Electrokinetic ultrafiltration in agar-agar jelly'. Because electrophoresis of the same hydrolysate in free fluid did not show a multiband pattern he concluded that a molecular sieve mechanism was probably involved. Subsequently, little use has been made of electrophoresis in agar gels for separation of peptides needed for protein structure studies. This is in sharp contrast to the widespread use of electrophoresis in agar as a first stage in immuno-electrophoresis and of the widespread use of polyacrylamide gels.
In 1943 Synge moved to the Lister Institute in London. Further work with James (22) was on non-peptide linkages in gramicidin and also included preparation of derivatives of Gramicidin S for X-ray studies by Crowfoot Hodgkin. In the same year a long review entitled 'Analytical chemistry of the proteins' was published with no less than 771 references (18). Particularly noted was the work of Tiselius who had contributed two new chromatographic methods: front analysis and displacement development. Following this, partition chromatography, both on silica gel and on filter paper, were described.
Although not yet fully quantitative, the potential of these methods was evident. It was emphasized that with extremely complex mixtures such as partial hydrolysates of proteins, successive use of chromatographic methods were likely to be most successful. Already in 1949 it had been possible to demonstrate the presence of more than 40 substances in a partial hydrolysate of wool.
Foreign contacts and visits abroad
Because Synge's days in Cambridge were at a time of increasingly left-wing student views and activity, it is no surprise that he followed events in the Soviet Union with intense interest. As always he did things thoroughly and took time and trouble to learn the Russian language. This had first been necessary when he discovered the historical importance of Tsvet's work.
After his success with Gramicidin S, Synge continued to be specially interested in the development of science in the U.S.S.R. He was sufficiently impressed by Oparin's book on Aspects o f the origin o f life to assist Ann Synge with its translation (29). In 1956 with his whole family he was able to make his first visit to the U.S.S.R. After a motor tour in Scandinavia they crossed by ferry to Kiel and from there across East Germany and Poland and entered the U.S.S.R. at Brest Litovsk. Finally when at last they were approaching Moscow, they were met by a welcoming group of scientists including Oparin. They were lent a dasha near Moscow and from there Synge was able to attend a conference on 'The Origin of Life'.
Synge spent 1958-59 in New Zealand where he succeeded in isolating a toxic substance responsible for facial eczema in sheep (see below). As in 1956 he was accompanied by his family and took the opportunity to return overland. He recorded this experience in an article which was published in The Railway Magazine (30) . The importance of the trans-Siberian line was clear because his train passed goods trains moving east every four or five minutes.
Synge's knowledge of railways is well illustrated by his referring to a 'Lebedev' steam locomotive which he knew to be capable of hauling mile-long freight trains.
It was not until 1966 that Synge made any further visits abroad. In that year he spent a month at the Indian Statistic Institute in Delhi.
Post-1948 research at the Rowett Institute and at Norwich Because Synge had, from boyhood days, been strongly attracted to plants, it is not surprising that after the discovery of partition chrom atography he looked for a situation suitable for research in plant biochemistry. M eanwhile, interest in, and use of, partition chrom atography continued to grow. As already m entioned it was the subject at a Sym posium held in 1949 by the Biochem ical Society. A fter five years the technique had proved its worth in many fields. Very appropriately the physico-chem ical basis of the m ethod was explained by M artin, leaving Synge to wind up the meeting with a review on the 'General applicability of the m ethod' (21). Sanger spoke on 'Application of partition chrom atography to the study of protein structure'. He reported that more dipeptides had been detected by paper chrom atography than had previously been identified by the classical m ethods o f organic chemistry. It was not until 1953 that Sanger published his classical papers on the sequences of amino acids in the two chains which constituted the insulin m olecule. The methods which had been successful with Gram icidin S, including two-dim ensional paper chromatography, elution of spots containing peptides and further hydrolysis, proved of value. It is of some interest that once again very useful partial hydrolysis conditions were found to be concentrated hydrochloric acid at 37 °C. With a much larger m olecule, parallel studies with enzymic hydrolysates were also necessary.
In 1948, Synge moved from the rarified atmosphere of the organic chemistry of Gramicidin S to the 'mud on the boots' world of agriculture. The main reason for this must have been his strong desire to do something of more practical use than his studies on the structure of proteins. From 1948 to 1967 he worked at the Rowett Institute near Aberdeen and lived with his growing family in a house at Muchalls to the south of Aberdeen. Because the house overlooked the sea from the top of high cliffs, and because he developed a vegetable garden, one of his regular tasks was to carry large baskets of seaweed up from the shore. The new family responsibilities fully occupied him at home, but in the laboratory, although working in a new field, there was some continuity with his work on amino acids and peptides. In 1967 he summarized 19 years' work in a detailed report entitled 'Chemical and biochemical studies of nitrogenous constituents of herbage' (36).
In his new position at the Rowett Institute as Head of the Department of Protein Chemistry he remained in close contact with Chibnall and was advised by him to study substances in leaves in which amino acids were chemically bound in non-protein containing substances. The likely national importance, especially for agriculture, was underlined by his mention in the above report that 'In terms of dry matter produced per annum herbage is outstandingly the main product of the British Isles.' He used phenol:acetic:water mixtures for extraction from fresh leaves. An advantage of this type of solvent mixture was that following extraction, the soluble leaf components could be subdivided, using the same solvent, by means of electrophoresis (31), molecular sieve chromatography or by simple dialysis. He pointed out that an advantage of these solvent mixtures was retention of biological activity of proteins after such treatment. However, a great difficulty in all this work was the strong tendency of quinones to react with the amino acids and proteins.
Apart from artefacts due to coupling with quinones he admitted in the above report (36) that he had to deal with 'mixtures of appalling com plexity'. His extensive reading of the background literature on amino acids in plants had revealed that during the past 20 years more than 100 novel species had been discovered. The importance of his work with as yet undiscovered amino acids and their derivatives was emphasized by the fact that many such substances had been shown to have dramatic effects in animals. As the organic chemist R.D. Howarth once remarked, 'Synge is better than Beilstein on amino acids'.
Synge's central interest was always in plants rather than with animals. However, in collaboration with , he studied the nutritional significance in both ruminants and non-ruminants of proteins before and after their modification by heat treatment. He showed that in pregnant ewes, heat-treated herring meal was better used than casein (25). This was due to the fact that the rumen bacteria rapidly hydrolysed the casein and then deaminated the resulting amino acids; whereas the fishmeal protein was not attacked and was subsequently hydrolysed in the true stomach and intestine and the amino acids absorbed in the usual way. Another practical problem that he helped to solve was that of facial eczema in sheep. This work was done while visiting for the year 1958-59 the Ruakura Animal Research Station in New Zealand. How Synge came to suspect the involvement of a fungus in the sheep disease illustrates his enquiring mind and determination to take into account every aspect of a problem. In relation to facial eczema he found an opportunity to talk with a tractor driver who was well aware of the disease and conditions in which it occurred. This man remarked that when driving over certain areas his tractor raised clouds of dust. Investigation of such dust led Synge to identify spores of the fungus Sporidesmin bakeri and subsequently to isolate from its culture medium the highly toxic substance Sporidesmin. A curious feature of this toxin was that it crystallized well as an adduct with carbon tetrachloride.
At the same time as tackling these practical problems he wrote a wide-ranging criticism of government attitudes to science and the training of research workers. This was entitled 'Science for the good of your soul' (33). He started by referring to Bernal's Social function o f science which he described as having been truly prophetic. He went on to write that, 'the main thing that Bernal failed to prophesy was how militarism, by involving itself too much with scientific discovery, would be hoist with its own nuclear petard'. Like Bernal he was impressed how science had been built up and made to influence technology in the U.S.S.R., indeed 'planned science' achieved results which soon attracted attention throughout the world. Thus the attempt, originating in the United States, to establish nuclear hegemony over the world was within a decade followed by the realization that special measures would be needed simply to keep level in these matters with the Russians. He felt that it is largely thanks to the Russians that money and resources for education and research in Britain, grudgingly though these are given, are nowadays of a different order from what could be extracted from our rulers during the 1930s: 'The prevalent narrowly practical outlook has diffused a corrupting influence through the whole of scientific life.
'Our twentieth century has seen a pushing back of the encircling darkness of ignorance, with advances fully equalling and perhaps exceeding the fundamental discoveries of the nineteenth century. But less has been done than in those days to spread knowledge of what these advances really are. Even among scientific colleagues one meets many who are not only ignorant of, but also uninterested in, the wonderful new concepts relating to such problems as: elementary particles and the nucleus of the atom; the structures of crystals; the origin of the Sun and planets; the history of the Earth and its drifting continents; the origin of life; the fundamental processes of reproduction in relation to the chemical structure of living things and to their evolution; the intricacies of human nature, and so on. 'What is worse than this lack of interest in the grand vistas lying outside one's own speciality is the idea that, with just a little more effort along present lines, everything will be found out.' During the last few years of his stay at the Rowett, Synge combined the role of Deputy Director of the Institute with that of Head of the Protein Chemistry Department. He spent less time at the bench and more time in the Reid Library combing Chemical Abstracts to extend his great knowledge of the literature. Numerous notebooks were assembled, all hand-written with an old-fashioned scratchy pen audible several desks away! In 1967 in new surroundings at the A.R.C. Food Research Institute he continued his studies of the reactions of polyphenols and quinones and the bound forms of amino acids in plants (37). For this work he took full advantage of the high resolution mass spectroscopy installation available in the Institute. As always before starting a piece of work he mastered the relevant literature which often meant travel to distant libraries, including the Science Library at Cambridge. Such visits were carefully timed to permit talks with his old friend Chibnall and, when possible, participation in a feast at his old college. Trinity made him an Honorary Fellow in 1972. His grasp of scientific literature was outstanding and as time spent at the bench was reduced, he became a specialist in how best to put chemical information in forms suitable for storage on a computer.
In 1963 he renewed contact with Pamela Robinson with whom he had had many discussions when still at W.I.R.A. Their interests overlapped over geology. For Synge this can be better described as geomorphology derived in part from his love of walking. His breadth of approach is well illustrated by a comparison he made of certain properties of nucleic acids with montmorillonites which he was informed could be made to swell in organic solvents. He himself was careful to characterize the comparison as opportunistic! His close relationship with Pamela Robinson and his essential modesty are indicated in a letter to her written in March 1969 in which he admitted to being 'paralysed for a few days in advance of any lectures I've not given before'. Earlier, in December 1963, in keeping with his interest which he shared with Pamela Robinson, he started editing the Geological Chemistry section of American Chemical Abstracts.
After his retirement, Synge continued to be intellectually active even to the extent that he entered what was for him an entirely new field. He trained himself in computer programming and then wrote programs which permitted structure searching of heterocyclic compounds.
It is difficult to summarize in a balanced way the most important aspects of Synge's character. Elsden has told me that in a certain sense he was a traditionalist. While normally very uninterested in how he dressed, for formal occasions he always dressed according to the rules even to the extent of carrying a pair of gloves at a funeral. He believed in the merit of the phrase 'Ordnung muss sein'. As happened to so many of his student friends, an inevitable degree of disillusionment must have influenced his latter days. However, he never transferred his allegiance from Left to Right. To his end he gave his support to the Norwich Peace Council of which he was Treasurer and to the World Peace Movement.
C o m p l e m e n t a r y c h a r a c t e r s o f M a r t in a n d S y n g e How then did it happen that a small team, A.J.P. Martin, R.L.M. Synge, A.H. Gordon and R. Consden, working mainly with laboratory-built apparatus, could achieve what is best described as a major breakthrough? Probably the key factor was the close partnership between Martin, a first class physical chemist and able constructor of apparatus, with Synge, who after studying the then current literature on the chemistry of the proteins, saw that the resolution of their structures represented an ongoing challenge. Martin and Synge's strong points and styles of work were complementary. A new idea from Martin would stimulate Synge and vice versa. Both had fantastic memories, Martin was moody, doubtless due to stomach trouble, and spent a minimum of time reading. In contrast, Synge, whose memory was equally good, read everything available, enjoyed good health and worked extremely hard. It is certain that both Martin and Synge fully realized that identification of breakdown products from proteins could only be achieved by using entirely new methods. It was the introduction of partition chromatography that made this approach so successful. Readiness to innovate must also be seen as an essential requirement for such an important advance.
Among Nobel Prizewinners, Martin and Synge stand out because their work concerned a new method rather than new scientific facts or relationships (23). In early days at Cambridge the importance of methods was encapsulated in the phrase 'Technique decides everything'. The primary importance of technique remained even though application of the new method yielded vast numbers of new facts. This harvest is still being gathered and cannot be discussed here. It is enough to state that without partition chromatography the birth of molecular biology must have been seriously delayed. Whether Synge would have admitted to this relationship is doubtful because he was such a modest person, nevertheless it needs to be put on record.
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